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063op nocBHiueH aHajiH3y 3HAOTpaHC(|)opMaaHH h adeppauHH )KH3HeHHbix uhkjiob b 
3BOJHOUHOHHOH HCTopHH TpunaHocoMaTHA (Kinetoplastea: Trypanosomatidae). IToa 3h- 
AOTpaHC(})opMaaHaMH )KH3HeHHbix uhkjiob noHHMaiOTCfl oBOjnoimoHHo 3aKpenjieHHbie H3- 
MeHeHHa (J)a3 h/hjih CTa^HH pa3BHTHfl napa3HTOB. B OTjiHHHe ot TpaHC(]DopMauHH adeppa- 

IJHH-3TO 3BOJHOU.HOHHO HeCTadHJIbHbie, nepHOAHHeCKH B03HHKai0II];He Ae(|)OpMaUHH (J)a3 

pa3BHTHa TpHnaHocoMaTHA, HenocpeACTBeHHo He npuBOA^mHe k H3MeHeHHio hx )KH3HeH- 
hmx uhkjiob. 06cy»cAaiOTai npHMepbi 3HAOTpaHC(]DopMau 1 HH h adeppaijHH )KH3HeHHbix 
UHkjtob y npeACTaBHTejieH ceM. Trypanosomatidae. 

KuToueebie cjioea : Kinetoplastea, Trypanosomatidae, 5KH3HeHHbie UHKJibi, sbojhouhh. 


PaccMOTpeHHbie humh b npeAbiAymux o63opax (OponoB h AP-, 2015 a, 6) 

3BOJlK)IJHOHHbie H3MeHeHHH )XH3HCHHbIX IJHXJIOB TpHnaHOCOMaTHA-MaxpO- H 

3K30TpaHC(})opMaitHH 6bUTH cB5i3aHbi c pa3JiHHHbiMH (J)opMaMH nepexoAOB napa- 
3 htob Ha hobbix xo3*teB. Kax mm OTMenajiH paHee, b doJibuiHHCTBe cnynaeB no- 
AodHbie npoiteccbi oxa3biBaK)TC« conpjoxeHbi c H3MeHeHH«MH (|)a30BOH CTpyx- 
Typbl IJHXJIOB pa3BHTHH napa3HTOB h/hJIH BXJIK)HeHHeM B HHX HOBbIX CTa^HH 

(OponoB h AP-, 2015a, 6). 3bojiioijhohho 3axpenjieHHbie, H3MeHeHM $a3 
h/hjih CTa^HH pa3BHTM napa3HTOB Mbi Aanee dyzteM paccMaTpHBaTb xax 3hao- 
TpaHC(|)OpMaitHH HX >XH3HeHHbIX IJHXJIOB. 


3HflOTPAHCO)OPMAUHH 

AHajiH3 pa3Hoo6pa3HH ^CH3HeHHbix ijhxjiob ySe^cAaeT Hac b tom, hto 3hao- 
TpaHC(|)opMaitHH npHcyni;H npeACTaBHTenHM Bcex rpynn TpHnaHocoMaraA- Kax 
y>xe oTMenajiocb, ohh nacTO Bbi5iBji5noTC5i b cbjoh c Maxpo- h 3X30TpaHc^opMa- 
UHOHHbiMH npoiteccaMH, OAHaxo MoryT peajirooBbiBaTbCfl h He3aBHCHMO ot 

HHX. J\lIX TOTO HToSbl OnpeAeJIHTb OCHOBHbie MOAyCbl 3HAOTpaHC(j)OpMaiJHH 
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Bueiimjifl cpeaa 



Phc. 1. CxeMa 5KH3HeHHoro mnaia TpHnaHocoManm Crithidia fasciculata. 3HfloreHHaji arjiOMe- 
paima napa3HTOB npOHcxo^HT b peicrajibHOM OT^ene KHineHHHKa jihhhhok KOMapOB. 3apa»ceHHe 
npoHcxo^HT nepe3 BHeniHioio cpe^y (so^y) HecneimajiH3HpOBaHHbiMH ctbah^mh, BbiBOAfliimMHCJi c 

3KCKpeMeHTBMH X03JieB. 

Fig. 1. Scheme of the life cycle of the trypanosomatid Crithidia fasciculata. Endogenous agglomera¬ 
tion of parasites occurs in the rectum of mosquito larvae. Host species are infested through the envi¬ 
ronment (water) by non-specialized stages excreted with host faeces. 


>KH3HeHHMX UHKJIOB TpHnaHOCOMaTHfl, B KaneCTBe 6a30B0H CXeMbI (BepOSTHO, 
HaH6oJiee 6jih3koh k aHuecTpajibHOMy rany), Mbi SyueM paccMaTpHBaTb uhkji 
pa3BHraa roMOKceHHbix >KryTHKOHOCueB Crithidia fasciculata, napa3HTOB 
jihhhhok KOMapOB ceM. Culicidae (pnc. 1). Bo-nepBbix, KaK 6mjio noKa3aHO 
paHee, ceftnac c 6ojibiiioft uoJieft yBepeHHoera mo>kho nojiaraTb, hto npejjOK 
TpHnaHOCOMaTHfl 6biJi roMOKceHHbiM napa3HTOM UByKpbiJibix HaceKOMbix 
(OpojiOB h up., 2015a). Bo-BTopbix, c tohkh 3peHHa CBoeft cjja30Boft CTpyKTy- 
pbi, >KH3HeHHbiH uhkji Crithidia fasciculata opraHH30BaH Han6oJiee npocTO h 
He UeMOHCTpHpyeT KaKHX-JIH6o npH3HaKOB BTOpHHHbIX 3HUOTpaHC(])OpMaUHft 
(pnc. 1; 2, A). ^CryTHKOHOCUbi C. fasciculata nonauaiOT b nmueBapHTejibHyio 
CHCTeMy jihhhhok KOMapOB HenocpeucTBeHHo H3 Bo^bi (Clark et al., 1964; 
McGhee, Cosgrove, 1980). EoJibiiiyio nacTb KHUieHHHKa ohh npoxouaT TpaH3H- 
tom. Jlnuib b 3auHen khuikc xo3»eB C. fasciculata h 6jih3khc eft bhuh Tpn- 
naHocoMaTHU cnoco6Hbi 3auep>KHBaTbca, npHKpenjiaacb BHUOH3MeHeHHbiM 
acryTHKOM k KyraKyjie peKTajibHbix >KeJie3, h b 3tom coctobhhh ueJiaTca (Clark 
et al., 1964; nouJinnaeB, cppojiOB, 1999). YTpaTHBuine CBa3b c KyTHKyjiapHoft 
BbICTHJIKOft KJieTKH napa3HTOB BblBOUBTCa BO BHeiHHIOIO Cpeuy, TOe CJiyacaT 
HCTOHHHKOM HOBOft HHB33HH (pHC. 1). 3KCnepHMeHTajIbH0 nOKa3aHO, HTO BO 

BHeniHeft cpeue (Boue) aayTHKOHoeubi Crithidia fasciculata MoryT BbDKHBaTb 
uo 7 cyT. (Clark et al., 1964; MajibimeBa, cppojiOB, 1993). Y 6ojibuiHHCTBa upy- 
rnx roMOKceHHbix TpHnaHocoMaTHU pa3BHTHe b HaceKOMbix npoTexaeT no 60- 
jiee cjioxcHbiM cueHapHHM, ueMOHCTpnpyioiuHM MHoronHCJieHHbie npHMepbi 
3HUOTpaHC(J)opMauHft 6a30Boro >KH3HeHHoro uHKJia (pnc. 2, A — T). Mojkho bh- 
UejIHTb pau OCHOBHbIX MOUyCOB 3THX TpaHCljjOpMaUHft: 1) H3MeHeHHe (})a30B0ft 
CTpyKTypbi UHKJia — noaBJieHHe uonojiHHTejibHbix uhkjiob npojintjjepauMH b 
HaceKOMbix xo3aeBax; 2) npocTpaHCTBeHHoe pa3uejieHHe ueyx h 6ojiee (J)a3 
npojiHtJjepauHH b xo3anHe; 3) BKjHoneHHe b uhkji pa3BHraa cneuHajiH3HpOBaH- 
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PHC. 2. CxeMa pa3JIHHHbIX THnOB 3H£OTpaHC(j)OpMaiJHH 5KH3HCHHBIX IJHKJIOB TpHnaHOCOMaTH^ 
(A — r), CBH3aHHBIX C H3MCHeHHeM HHCJia H TOnOJIOrHH ^H(J)(})epeHqHpOBaHHBIX (J)a3 npOJIH4)epa4HH 

napa3HTOB b HaceKOMtix. 

HepHbie KpyacKH — AH4>4> e P eHI ^ H P OBaHHbie <J>a3bi npojmtJjepaium napa3HTOB; CTpejiKH noKa3biBaiOT nocjieAOBa- 
TeJibHocTb nepeAOBaHHH (|>a3; 3Be3^0HKaMH oTMeneHbi (jja3bi npojmtjjepaunH, accoiumpoBaHHbie c cJjopMHpoBa- 
hhcm paccejiHTenbHbix cTa^HH. ae — reMOJiHMtjja, an — rnoTica, mc — MajibnHrHeBbi cocyflbi, cote — cnioHHbie 

>Kejie3bi, ck — cpeflHHH KHinKa, p — peKTyM. 

Fig. 2. Scheme of various types of endotransformations of trypanosomatid life cycles associated with 
changes in the number and topology of differentiated proliferation phases of insect parasites. 


Hbix paccejiHTejibHbix CTaAHH. ,ZI,ajiee mm paccMOTpHM paA kohkpcthmx npHMe- 
pOB nOflo6HbIX 3HAOTpaHC(J)OpMaUHH. 

y KpHTHAHH H3 Ha3eMHbIX HaCeKOMbIX, B H3CTHOCTH y Iiapa3HTHpyK>mHX B 
pa3JiHHHbix KJionax Crithidia brevicula (cDponoB, MajibiiueBa, 1989; Kostygov 
et al., 2014), >KH3HeHHbiH uhkji bo mhotom cxoac c C. fasciculata, OAHaKO oh 
ycnoacHaeTca 3a cueT noaBneHHa AonoAHHTenbHoro UHKJia AeneHHH y acryra- 
KOHOcueB, OTKpenHBUiHxca ot noBepxHOCTH peKTajibHbix acejie3 (pHC. 2, A). 
B xofle BTopoii (J)a3bi npojiH(|)epauHH 3th napa3HTbi 4>opMHpyiOT Mop4)OJiora- 
necKH cjia6o Ancj)<{)epeHLiHpoBaHHbie CTaAHH, cnoco6Hbie nepe)KHBaTb hckoto- 
poe BpeMa b noACbixaiomHx 3KCKpeMeHTax xo3aeB (MajibiiueBa, cDponoB, 
1995). HHTepecHO, hto b Jia6opaTopHbix ycnoBHax y Crithidia brevicula nyTeM 
KJiOHHpoBaHHa «ahkoh» KyjibTypbi Moryr 6biTb nojiyneHM pa3JiHHHbix 
uiTaMMa acryTHKOHOCueB, b KaacAOM H3 KOTopbix 3th <J)a3bi npoTexaioT b «hhc- 
tom BHfle» (MajibiiueBa, cDpojiob, 1995). B AanbHeHiueM npu njiHTejibHOM pas- 

HejIbHOM KyjIbTHBHpOBaHHH T3KHX UIT3MMOB (OKOJIO TOAa) OHH TepaiOT OnHCbl- 
BaeMbie pa3JiHHna h npuo6peTaiOT nonHbin Ha6op ranoB kjictok, npucymuH 
)KH3HeHHOMy UHKJiy 3TOrO BHlia. 

Ecjih paccejiHTejibHbie CTaAHH Crithidia brevicula Jiuuib othbcth npueno- 
coo.ieHbi k KpaTKOBpeMeHHOMy n e p e >kii b a mi K) bo BHeuiHeft cpe;ie, to b rpynne 
«UHCTOo6pa3yioiu;HX» TpnnaHOCOMaTHA (Koctmtob, cDponoB, 2007; Maslov 
et al., 2010) b >kh3hchhom uuKJie noaBnaeTca HOBaa CTanua — «UHCTonoAo6- 
Haa aMacTuroTa» (Peng, Wallace, 1982; Tieszen et al., 1985; Reduth, Schaub, 
1988). 3th CT3HHH Hpe3BbiH3HHO ycTOHHHBbi k B03neHCTBHio He6naronpnaT- 
hmx ycjiOBHH h BbinojiHaiOT cjjyHKUHH HacToamnx uhct (Schaub et al., 1990), 
KOTopbiMH, OAHaKo, He aBaaiOTca, nocKOAbKy hx 3auiHTHaa oSoaouKa (JjopMH- 
pyeTca noA njia3ManeMMOH, a He CHapyacn ot Hee. YHHKaribHbi KaK Mopcjjojio- 
raa UHCTonoAoOHbix aMacraroT, Tax h cnoco6 hx o6pa30BaHHa. B Sojibiluihct- 
Be cjiyuacB ohh (JiopMHpyiOTca b pe3ynbTaTe nouKOBaHHa, 3a kotopmm caeAy- 
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k>t 6HiiapHbic aejieHHa aonepHHx kjictok, coxpanaiomHx cB»3b co acryTHKOM 
MaTepHHCKOH KJieTKH (McGhee, Hanson 1962; Reduth, Schaub 1988; OponoB 
n ap., 1991; Romeiro et al., 2000; MajibimeBa h ap., 2006). Bee HccneaoBaH- 
Hbie MOJieKyjiapHO-(J)HJioreHeTHHecKHMH MeTonaMH TpHnaHocoMaTHabi, b >kh3- 
HeHHbix UHKJiax KOTopbix npncyTCTByiOT HHCTonoaoSHbie aMacTnroTbi, npea- 
CTaBjiaiOT co6oh MOHOtjwjieTHHecKyio rpynny (Maslov et al., 2010; Caicedo 
et al., 2011). 3to no3BOJiaeT npeanonaraTb, hto 3HaoTpaHC(j)opMaHHfl[ aaHHoro 
rana b 3bojhohhohhoh ncTopnn ceMencTBa npoH30uuia TOJibKO oaHa>Kai>i y 06- 
mcro npejjKa coBpeMeHHbix «uncTOo6pa3yiomnx» TpnnaHOCOMaTHa. 

PacnpocTpaHeHHbiM h, no-BHaHMOMy, oahhm H3 o6ihhx ranoB 3HHOTpaHC- 
(JjopMaijHH >KH3HeHHbix uhkjiob y TpnnaHOCOMaTHa aBJiaeTca npocTpaHCTBeH- 
Hoe pa3flejieHne HHfjxjiepeHHHpoBaHHbix (J»a3 npojiHfjjepanHH (pnc. 2, E—F). 
n P H 3tom nepBaa (joa3a 3HaoreHHoii araoMepaunn TpocjiHHecKHx CTaann b Han- 
6ojiee o6meM cjiynae npoTexaeT b cpeaHHx oTaejiax KHuieHHHKa xo3aeB, 6ora- 
thx nnTaTejibHbiMH BemecTBaMH (pnc. 2, E—P), a unKjibi aeJieHnn, CBimHHbie 
c (j)opMnpoBaHneM paccejiHTejibHbix ct3ahh, b ero nepeaHeM (pnc. 2, B) hjih 
3aflHeM (pnc. 2, E) OTaejiax (Hoare, 1972; Lainson, Shaw, 1979, 1987; Killick- 
Kendrick, 1979; CacjjbaHOBa, 1982; Walters, 1993; OponoB, CKapnaTo, 1995; 
Tyler, Engman, 2001). Pa3JiHHHH b TononornH nocneaHeH (joa3bi nponn^epa- 
UHH B npOUIJlOM UIHpOKO HCnOJlb30BajlH B CHCTCMaTHKe TpHnaHOCOM H JieH- 
uiMaHHH. no 3TOMy npHHHHny, b HacraocTH, pa3flejiajiH poa Trypanosoma Ha 
2 ceKHHn: Stercoraria h Salivaria, a poa Leishmania — Ha 3: Suprapilaria, Hy- 
popilaria h Peripilaria (Hoare, 1972; Lainson, Shaw, 1987). 3th TepMHHbi mo>k- 
HO BCTpeTHTb H B COBpeMCHHOH JIHTepaType, OflHaKO CBOH nepBOHaHajlbHblH 
CMbicn ohh nocTeneHHO yTpanHBaiOT. 3to CBH3aHO c paaoM npHHHH. Bo-nep- 
bhx, f|)ii.aoreHCTH L iecKHe uccaenoBamifl He iio;j,uep>KHBaiOT rmiOTeay o c.'ihhct- 
Be npoHcxo>KaeHHa KaKoro-JiH6o H3 nepeHHCJieHHbix THnoB (joopMHpoBaHHa 
paccejiHTejibHbix CTaanii y TpnnaHOCOMaTHa b uenoM (Stevens, Gibson, 1999; 
OponoB h ap., 2015a). Tan, HanpHMep, b Ka>xaoM H3 paccMaTpnBaeMbix poaoB 
Leishmania h Trypanosoma, moho4>hjihh KOTopbix 6e3ycjiOBHO aoKaaaiia, ecTb 
npeacTaBHTejiH, 3aBepmaiomHe cBoe pa3BHTne b nepeHocHHKax xax b «nepea- 
Hen», Tax h b «3aaHeH» no 3 HHHax. AHanorHHHbie npHMepbi mo>kho BCTpeTHTb 
h b rpynnnpoBKax 6oaee HH3Koro paHra. Tax, epean bh^ob, BxonaiHHX b co- 
ct3b (joHJiorpynnbi «T. cruzi», pa3BHTHe b TpnaTOMOBbix KJionax y T. rangeli 3a- 
BepmaeTca no «cajiHBapHOMy» THny (pnc. 2, T), a y Trypanosoma cruzi — no 
«CTepKopapHOMy» (pnc. 2, E) (Hoare, 1972). 

y jieHiHMaHHH KJiaccH(j)HKaHHa hhkjiob no 3TOMy npHHnnny eme 6onee 
3anyTaHa. noaapHbie BapnaHTbi xapaicrepHbi Jinuib hjih npeacTaBHTejieH noa- 
poaoB Sauroleishmania h Leishmania, y KOTopbix (joopMHpoBaHHe MeianHK- 
JlHHeCKHX CTaaHH (HH(j)eKTHBHbIX H-THI n03BOHOHHOrO X03HHHa) npOHCXOHHT B 

3aaHen h nepeaHen no3Hunax cootbctctbchho (pnc. 2, E, B). Me^ay tcm, y 
npeacTaBHTejien noapoaa Viannia MeTauHKjiHKH o6pa3yiOTca b 3aaHHx oxae- 
jiax KHuieHHHKa, a nepeaana hh^ckhhh no3BOHOHHbiM >khbotiii>im ocyniecTB- 
jiaeTca H3 nepeanen. Eojiee Toro noKa3aHO, hto Ha CTpyicrypy iinrcaa paaa Jien- 
uiMaHHH MoryT OKa3bmaTb BJinaHHe pa3JiHHHbie BHeniHHe (JiarcTopbi, TeMnepa- 
Typa, aneTa xo 3 aeB h t. n. (Anez et al., 1989; Walters, 1993; Nieves, Pimenta, 
2000). noao6Hbie npHMepbi H3BecTHbi h y roMOKceHHbix TpHnanocoMaraa 
HacexoMbix. Tax, y Herpetomonas nabiculae b otjihhhc ot ocTanbHbix npea- 
CTaBHTejien 3Toro poaa nepBaa 4> a3a 3HaoreHHOH arjiOMcpaiiMM napa3HTOB 
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npoTeKaeT He b cpepnefi khihkc xo3aeB, a b nepepHefi (OpoaoB, CKapnaTO, 
1995). 

rpnnaHocoMarn;u>i, 4>opMHpyK>ipHe pacce.nnTe.nbnbie cra/uin b cjhohhmx 
acejie3ax HaceKOMbix xo3aeB (pnc. 2, 1 ~), h3bccthm b HecKOJibKHx HepopcTBeH- 
hmx rpynnax 3 Toro ceMeficTBa. TaKOBbiMH aBJiaiOTca: napa3HTHpyioipaa y Myx 
pepe T. brucei H3 ophohmchhoh KJiapbi aijjpHKaHCKnx TpnnaHOCOM, o6nTaio- 
ipaa b TpnaTOMOBbix KJionax (Triatominae) T. rangeli m KJiapbi «T. cruzi», 
acryTHKOHOcpbi popa Phytomonas H3 pacTHTejibHoapHbix nojiyacecTKOKpbinbix 
h roMOKceHHbiii bhp Leptomonas pyrrhocoris H3 KjionoB cojipaTHKOB Pyrrho- 
coris apterus (Hoare, 1972; Camargo, 1999; OponoB h pp., 2014). 3aBepmaio- 
ipHe 3Tanbi pa3BHTna TpHnaHocoMarap b cjhohhmx *:ene3ax xo3aeB npepciaB- 
jiaiOT co6oh nocnepHioio (J>a3y npojiHijjepapHH, CBa3aHHyio c (JjopMHpoBaHneM 
pacceJiHTenbHbix CTapnii. llpn 3tom bo Bcex nepennc.neHHbix rpynnax acryTH- 
KOHocpeB KOJiHHecTBO npoMe>KyTOHHbix phkjiob npojiHijjepapHH, HHCJIO MOp- 
(J)OTHnoB, (JjopMHpyioujHxca no xopy MHrpapHH b cjnoHHbie »ejie3bi Hace- 
KOMbix, a TaioKe caMH MexaHH3Mbi MnrpapnH HHpHBnpyajibHbi (Ellis et al., 
1980; Freymuller et al., 1990; Hecker et al., 1990; OponoB, MajibimeBa, 1993; 
Sharma et al., 2009; Dyer et al., 2013; Rotureau, van den Abbeele, 2013). Tpn- 
naHOCOMbi T. brucei npoHHKaiOT b cJiiOHHbie >Kene 3 bi Myx pepe nepej npoBeHT- 
pHKynyc h OTKpbiBaioujHeca b rHno(J>apHHKC npoTOKH 3thx a<ene3. T. rangeli, 
Phytomonas serpens h Ph. nordicus nocnepoBaTejibHO neHeTpnpyiOT cTemcy 
KHuieHHHKa h 3nHTejiHH cjhohhmx >Kejie3 cbohx xo3aeB, npoxopa nepe3 He- 
CKOJibKo phkjiob BHyTpHTKaHeBOH npojinijjepapHH. B cjhohhmx a<ejie 3 ax Hace- 
KOMbix-xo3aeB T. brucei h Ph. nordicus npoxopaT no KpaHHen Mepe nacTb (J>h- 
HajibHOH (J>a3bi pa3BHTna, npHKpenjiaacb k anuTenmo acene3 bhpoh3mchchhm- 
mh }KryTHK3MH, a T. rangeli, Ph. serpens h L. pyrrhocoris penaTca b npocBeTe 
»ejie3bi b cbo6ophom coctohhhh (Ellis et al., 1980; Freymuller et al., 1990; 
Hecker et al., 1990; OpoJiOB, MajibimeBa, 1993; Sharma et al., 2009; Dyer et al., 
2013; Rotureau, van den Abbeele, 2013; OpojiOB h pp., 2014; Frolov et al., 
2015). 

npHBepeHHbie BblUie npHMepbl n03BOnaK)T 3aKJHOHHTb, HTO 3HP0TpaHC(})0p- 
M3PHH >KH3HeHHbIX PHKJIOB, CBa3aHHbie C pa3JIHHHOH JIOKajIH3apHeH OCHOBHbIX 
4>a3 npoJiH(J)epapHH napa3HTOB b nnipeBapnTenbHOH cncTeMe HaceKOMbix 
(3HporeHHaa arnoMepapna h o6pa30BaHHe paccejiHTejibHbix CTapnii), nponcxo- 
PHJ1H MHOrOKpaTHO H He33BHCHMO B pa3JIHHHbIX rpynnax TpHnaHOCOMaTHp. 

Pa3BHTHe TpnnaHOCOM H JieHIHMaHHH B nOJBOHOHHbIX /KIIBOTHblX HanHHaeT- 
CH B KpOBHHOM pyCJie X03HCB, Kypa MeTapHKJlHHeCKHe CTapHH napa3HTOB TeM 
hjih HHbiM cnoco6oM nonapaiOT H3 nepeHOCHHKOB. CorjiacHO o6ipenpHHaTOH 
Ha paHHMH MOMeHT rHnoTe3e, HanOonee 6jih3khmh k aHpecTpajibHOMy coeroa- 
HHK) y TpHnaHOCOM CHHTaiOTCa PHKJlbl, B KOTOpbIX p33BHTHe nJieOMOp(J)HbIX JIO- 
KajibHbix reMHnonyjiapHH napa3HTOB orpaHHneHO nepH^epunecKOH KpoBeHoc- 
hoh CHCTeMOH xojHCB (Lavier, 1943; Hoare, 1972). C yneTOM HepocTaTOHHOH 
H3yneHHOCTH HenaToreHHbix bhpob TpHnaHOCOM k 3toh KaTeropHH mo>ktio 
yCJlOBHO OTHeCTH PHKJlbl p33BHTHa napa3HTOB pbl6 H, B03MO>KHO, papa aM(j)H- 

6 hh (Hoare, 1972; Bardsley, Harmsen, 1973; Woo, 1981; Burreson, Karlsbakk, 
2007). nonapaa b xo3aeB, Taicne TpHnaHocoMbi nocpe KopoTKoro pHKJia npojin- 
(jjepapHH, npoTeKaioipero b (J>opMe 6HHapHbix pejieHHH TpnnoMacTHroT, ocTa- 
lOTca b ero KpoBaHOM pycjie Ha HeKOTopoe BpeMa, b Tenenne KOToporo MoryT 
3apaacaTb nepeHOCHHKOB. Ecjih noBTopHoro 3apaaceHHa xoianHa He npoHexo- 
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Aht, napaiHTbi nocTeneHHO Hcne3aK)T H3 ero kpobchochoh chctcmbi. 3hao- 
TpaHC(j30pMaqHH >KH3HeHHbIX UHKAOB y OCTajIbHbIX TpHIiaHOCOM CB33aHbI c 
(|)OpMHpOBaHHeM HOBbIX CTa.'tM H H OCBOeHHCM HOBbIX AOKaUHH BHe KpOBHHOrO 
pycaa AJia nepcHcrapoBaHHa hjih npoJiH(J)epauHH napa3HTOB. IlpHMepbi tbkhx 
TpaHC(j)OpMaUHH MHOrOHHCJieHHbl, OAHaKO, C TOHKH 3peHHH CTpyKTypHbIX H3- 
MeHeHHH C3MHX UHKJIOB, AOBOJIbHO 0AH006pa3HbI. MeTaUHKJIHHeCKHe TpHIIO- 

MacTHroTbi T. lewisi nocue nonaAaHHa b xpoBb Kpbic TpaHC(J)opMHpyjOTca b 
3nHMacTHroTbi. H3 nocjieAHHX b pe3yjibTaTe MHoacecTBeHHbix AeneHHH o6pa- 
3yiOTca TpHnoMacTHroTbi, cnoco6Hbie 3apaa<aTb nepeHOCHHKOB. Hepes hckoto- 
poe BpeMH JioKajibHaa reMHnonynaiiHa TpnnoMacraroT nouHOCTbio nornOaeT, a 
X033HH npno6peTaeT ycTOHHHBbifi HMMyHHTeT k TpHnaH0C0M03y AaHHoro Tuna 
(Hoare, 1972; Shaw, Dusanic, 1973). OcTajibHbie bhabi h3 cy6KJiaAbi «T. le- 
wisi» o6jiaAaiOT cxoahbimh uhkji3mh pa3BHraa b rpbi3yHax, Taxace asmohct- 
pnpya HanHHHe Aeyx ochobhbix hobuicctb OTHOCHTeJibHO «aHuecTpaJibHoro» 
rana: cjjopMnpoBaHne b xpoBH no3BOHOHHoro 3nHM3CTHroT (y npoHHX Tpuna- 
HOCOM 3nHM3CTHrOTbI npHCyTCTByiOT TOJIbKO B nepeHOCHHKax) H (]) 33 bl MHO- 
/KecTBeHHBix AeJieHHH (Hoare, 1972). OAHaxo y T. musculi h T. grosi b Aonou- 
HeHHe k 3TOMy 6 bijih o6Hapy*:eHbi Taxace ct3ahh, cnoco6Hbie nepcncTHpoBaTb 
6ojiee roAa b noHeHHbix xpoBeHOCHbix xanHjuiapax rpbi3yHOB-xo3aeB, KOTopbie 
npn 3 tom npHo6peTajiH HecTepnnbHbiH HMMyHHTeT (Viens et al., 1972; Sato 
et al., 2003). Y bhaob, 6jih3khx k T. microti, mojkho HaOnioAaTb hhoh ran 3H- 

AOTpaHC(J)OpMaUHH, CBa33HHbIH C OCBOeHHCM napa3HTaMH HOBbIX JIOKaUHH B 
xo3aHHe (jihm4>ohahoh tk3hh, cejie3eHKe, cepAue, neneHH h jictkhx) h bkjiio- 
HeHHeM B UHKJI p33BHTHa HOBOH npOAH(j)epaTHBHOH CT3AHH — aMaCTHTOTBI 
(Hoare, 1972; Riedal, 1975). AMacraroTbi y 3 thx TpnnaHOCOM pa3MHoacaioTca 
b xpoBeHOCHbix xanHjuiapax pa3JiHHHbix opraHOB xo3aeB. 3HAOTpaHC(j)opMa- 
UHH AaHHoro rana npOCJIOXHBaiOTCH B 3BOAIOnHOHHOH HCTOpHH 60 JIbUIHHCTBa 
TpnnaHOCOM. Tax, y T. cruzi MeTanHKJiHHecxHe TpHnoMacTHroTbi, nonanaa 
b xpoBb, pa3HocaTca no BceMy opraHH3My xo3aHHa. npH stom ohh aTaxyroT 
KJieTKH P33JIHHHBIX OpraHOB H TXaHeft, B TOM HHCJie JIHM(J)aTHHeCKOH CHCTeMbI, 
ceJie3eHKH, neneHH, cepAenHOH Mbiumw, rnaAKOH h cxeneraoH MycxynaTypbi, 
a Taxace MOHOHyKJieapHbie (JjarouHTbi (Hoare, 1972). TpHnoMacTHroTbi TpaHC- 
cjjopMHpyKDTca BHyTpn 3apa>xeHHbix kactok b aMacraroTBi, xoTopbie hhtchchb- 
ho AenaTca. Hhcao AeneHHH aMacTHroT onpenenaeTca pa3MepaMH HH(J)HnHpo- 
b3hhoh KJieTKH. K MOMeHTy ee MexaHHHecxoro pa3pyuieHHa 6onbuiaa nacrb 
aMacTHroT TpaHC(J>opMHpyeTca b TpHnoMacTHroTbi. nocjieAHne, ocBo6oacAaacb 
H3 nceBAOiiHCTbi (3anoAHeHHOH napa3HTaMH kactkh xo3aHHa), npoHnxaioT b 
KpOBHHOe pycno, OTKyAa MOryT BHOBb BKAIOHaTbCa B UHKABI BHyTpHKAeTOHHOH 
npoAH(J>epanHH hah cnyacHTb hctohhhkom HHB33HH aaa nepeHOCHHKOB (Hoare, 
1972). XpoHHHecxaa (JjopMa 6one3HH Haraca, xoTopaa HacTynaeT nocne ocTpo- 
ro nepnona 3a6oAeBaHHa, npoTexaeT Ha (J)OHe HH3xoro ypoBHa napa3HTeMHH h 
MO/K er AAHTbca ronaMH. TKniHeHHbin iuika T. cruzi HMeeT mhoto oomero c 
UHKA3MH pana TpnnaHOCOM rpynnbi «T. lewisi» H3 rpbnyHOB, xoTopbie mm pac- 
CMOTpeAH Bbiuie. OAHaKO nepexoA k BHyTpnxAeTOHHOMy napa3HTHpoBaHHio 
OTKpbiA aaa T. cruzi B03M0>KH0CTb MacuiTa6Horo ocBoeHHH opraHH3Ma xo3an- 
Ha, TorAa xax y TpnnaHOCOM H3 noApoAa Herpetosoma 3Ta B03MoacHOCTb orpa- 
HHHeHa HX pa3BHTHeM B KpOBeHOCHOH CeTH OTACAbHbIX OpraHOB H AHM(J)OHA" 
hoh TKaHH (Hoare, 1972). A(J)pHxaHCKHe TpnnaHOCOMbi H3 rpynnbi «T. brucei», 
HecMOTpa Ha pa3Hoo6pa3He KAHHHHecxHX npoaBneHHH Bbi3bmaeMbix hmh 3a- 
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60JieBaHHH H pa3JIHHHH B >KH3HeHHbIX HHKJiaX, fleMOHCTpHpyiOT o6myiO TeH- 
nemiHio k Bbixo^y napa3HTOB 3a npe^ejibi KpoBaHoro pycjia. Bee pa3BHTne 
3THX TpHIiaHOCOM B n03B0H0HHbIX >K1I BOTH BIX OCymeCTBJiaeTCM Ha CTa;um TpH- 
nOMaCTHrOTbl. CoBepUieHHblH MexaHH3M 3amHTbI napa3HTOB OT HMMyHHbIX 
aTax, ocHOBaHHbifi Ha nepHO^HnecKOH CMeHe BapnaHTOB noBepxHOCTHoro 
rjiHKonpoTeHHa, no3BOJiaeT hm ycneuiHO h ^JiHTejibHoe BpeMa pa3BHBaTbca b 
KpoBH xo3aeB (Haag et al., 1998). Bhc KpoBHHoro pycjia npoJiH^epauna 3thx 

TpHIiaHOCOM MOaceT npOHCXO^HTb B JIHMljje, CnHHH0M03r0B0H HCH/IKOCTH H 
HepBHofi TKaHH. TojibKO T. equiperdum CMonia uinpoxo ocBOHTb pa3JiHHHbie 
opraHbi h TKaHH cbohx xo3aeB, npn 3 tom npaKTHHecKH yTpaTHB cnoco6HOCTb 
nepcHCTHpoBaTb b hx kpobchochoh chctcmc (Hoare, 1972). 

3H,aoTpaHc<f)opMauHH >KH3HeHHbix hhkjiob npocjieacHBaiOTca h b obojhohhh 
JieHUIMaHHH. OHH He33BHCHMO OT TpHnaHOCOM 0CB3HBajIH B KaneCTBe X03aeB 
no3BOHOHHbix jkhbothmx. Y 3thx napa3HTOB npoJiHijiepaHHa BHyTpn MaKpocjja- 
tob Ha CTa^HH aMacraroTbi aBJiaeTca aHpecTpajibHOH h e^HHCTBeHHOH (JjopMoii 
pa3BHTHa b no3BOHOHHbix (Lainson, Shaw, 1979; CaifibaHOBa, 1982; OBe3My- 
xaMMeAOB, Ca<|)baHOBa, 1989; Banuls et al., 2007). flocjie Toro KaK mockht 
HHOKyjinpyeT b paHKy ot yxyca MeTauHKJiHHecKHe npoMacraroTbi, nocae^HHe 
no^BepraiOTca aTaxe Maxpo^aroB xo3aHHa. B (jjopMHpyioiiieHca BHyTpn Max- 
poijjara napa3HTO(f)opHOH BaKyoan npoMacraroTbi npeBpamaiOTca b aMacTHTOTbi, 
h Te npncTynaiOT k ^ejieHHio. B kohchhom cneTe stot npouecc 3aBepmaeTca 
rH6ejibio MaKpoijjara h bkihohchhcm ocBoOo^HBiHHXca aMacraroT b HOBbie 
iihkjim npojiHijiepaHHH nocae hx 3axBaTa apyrHMH MaKpoijjaraMH. H b mjicko- 
nHTaiomHx, h b peiiTHJiHax pa3BHTHe npoTeKaer cxo^HbiM o6pa30M. OneBn^Ho, 
HTO B 3BOJHOHHOHHOH HCTOpHH JieHUIMaHHH 3H^OTpaHC(jjOpMaHHH a(H3HeHHbIX 
iihkjiob He aBjiajiHCb onpeaejiaioiiiHM Mo^ycoM npH CTaHOBjieHHH hx b33hmo- 
OTHOUieHHH C n03B0H0HHbIMH JKHBOTHbIMH. B03M0>KH0, BnpOHeM, HTO KaK 
O^Hy H3 <f)OpM 3H/IOTpaHC(J)OpMaiIHH a(H3HeHHbIX IIHKJIOB y 3THX TpHnaHOCOMa- 
thu cuenyeT TpaKTOBaTb H36HpaTejibHyio KOMneTeHTHOCTb pa3JiHHHbix rpynn 
jieiiuiMaHHH k pa3JiHHHbiM THnaM MaKpoijjaroB xo3aeB. 3Ta H36HpaTejibHOCTb 
npoaBJiaeTca b kjihhhhcckoh KapTHHe 3a6oJieBaHHH: BHcnepajibHbiH jieiiuiMa- 
hho3 Bbi3biBaiOT >KryTHKOHOCHbi, napa3HTHpyiouiHe b TKaHeBbix MaKpoijjarax, a 
KoacHbiH — b MaKpoijjarax KpoBH (Lainson, Shaw, 1979; Banuls et al., 2007). 

nocjienHHH npHMep, KOTopbifi mm paccMOTpHM b 3tom pa3.zie.iie, KacaeTca 
B03M0a(HbIX 3HHOTpaHC4>OpMaiIHH a(H3HeHHbIX IIHKJIOB B 3BOJHOIIHOHHOH HCTO¬ 
pHH acryTHKOHOCiieB pona Phytomonas. Pa3Hbie bhum 3thx TpunaiiocoMaTiui 
MoryT o6HTaTb b pa3JiHHHbix HacTax pacTeHHH-xo3aeB: MJieHHHKax, (JurooMe h b 
njionax (Camargo, 1999; Jaskowska et al., 2015). <t>HTOMOHacbi, o6HTaiouiHe b 
MjieHHHKax, npencTaBjuuoT co6oh HaH6ojiee o6uiHpHyio 3KOJiorHHecKyio rpyn- 
ny, KOTopaa, cyna no pe3yjibTaTaM MOJieKyjiapHO-ijjHJioreHeTHHecKoro aHajiH- 
3a, aBJiaeTca HaHMeHee cneiiHajiH3HpoBaHHOH h neMOHCTpnpyeT HcxonHyio .zyia 
npcHCTaBHTejicH stoto pona JiOKajiH3aiiHio b pacTeHHax (Dollet et al., 2012; 
Frolov et al., 2015). nepexon (jjHTOMOHacoB k napa3HTHpoB3HHio bo (})ji03Me 
h b njionax pacTeHHH (t3khx KaK TOMaTbi, MaHnapHHbi h np.) hochji, BepoaT- 
HO, BTOpHHHblH XapaKTep H MOT npOHCXO^HTb He33BHCHMO H HeOUHOKpaTHO 
b CBa3H c peajiH3aiiHeii pa3JiHHHbix nmiieBbix npennoHTeHHH HaceKOMbix-ne- 
peHOCHHKOB. Bee pa3BHTHe (jjHTOMOHacoB b pacTeHHax ocyuiecTBJiaeTca Ha 
CTanHH npoMaCTHroTbi h npencTaBJiaeT co6oii ohhh pacTaHyTbiii bo BpeMe- 
HH IIHKJI npOJIH(J)epaiIHH. 
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ABEPPAUHH 


K aocppanHMM Mbi othochm Bee ycTaHOBjienHbie c^aKTbi otkjiohchhh ot 
npHH»TOH CXeMbI >KH3HeHHOrO UHKJia KOHKpeTHOrO BHfla TpHnaHOCOMaTH^. 
A6eppauHH npoaBjuuoTCJi cnoHTaHHO huh nepnoAHHecKH. Ohcbhaho, hto Ha- 
p»Ay c yieiiCTBiiTea bhmmh a6eppauHH.Mii k 3toh KaTeropnn MoryT 6biTb ouih- 
6 ohho npuMHCJieHbi h HeKOTopwe hbjichhh hjih co6mthh, CBB3aHHbie c ecrecT- 
BeHHOH peajlH3aUHen Toro HJIH HHOTO >KH3HeHHOrO UHKJia, AOCTaTOHHbIMH 3Ha- 
HHHMH O KOTOpbIX Mbi Ha flaHHblH MOMCHT npOCTO He paCnOJiaraeM. ripjIHUHbl 
aSeppauHH h hx B03M0>KHaa pojib b 3bojiiouhh rpynnbi no 6ojibiueH uacra 
Hen3BecTHbi. O^HaKo oSpamaeT Ha ce6n BHHMaHHe tot (JjaKT, hto a6eppaiiHH, 
OTMeneHHbie b >KH3HeHHbix uuKJiax oahhx bhaob, nacro HMeiOT aHajiorn b bhac 
3BOJ1K3HHOHHO 3aKpenjieHHbIX H3MeHeHHH >KJI3HeHHbIX UHKJIOB Apynix. Hn>Ke 
Mbi paCCMOTpHM npHMepbl T3KHX HBJieHHH. K CaMOMy pacnpOCTpaHeHHOMy 
rany aSeppauHH y TpnnaHOCOMaraA, napa3HTHpyiomHX b HaceKOMbix, otho- 
chtch (JjaKTbi o6Hapy>KeHH5i >KryTHKOHOCueB b pa3JiHHHbix TKaHax h opraHax 
hx xo3«eB 3 a npe^eaaMH KHiueHHHKa. TaK, HcryraKOHOcubi pnua bhaob, Ha- 
npHMep, Leptomonas pyrrhocoris, Blastocrithidia gerridis, B. cyrtomeni h AP-, 
p33BHTHe KOTOpbIX IipOIICXOAHT B epe^HHX H 3a^HHX OTAejiaX KHiueHHHKa, ne- 
pno^HHecKH BCTpenaiOTca b MajibnHrneBbix cocyjiax HaceKOMbix, rue MoryT 
pa3MHOH(aTbca (Weinman, Cheong, 1978; <£>pojiob, CKapuaTo, 1987; 1995; Cai- 
cedo et al., 2011). Flpn 3 tom h3bcctho, hto flpyrne bham TpnnaHOCOMaraA, b 
nacTHOCTH Herpetomonas trimorpha h H. ztiplika H3 MOKpeuoB Culicoides spp., 
hbjihiotch oSunraTHbiMH napa3HTaMH MajibnHrneBbix cocyAOB cbohx xo3HeB 
(Podlipaev et al., 2004; Zidkova et al., 2010). TaK>Ke TpunaHOCOMaraAbi nacTO 
npoHHKaiOT b reMoaiiMcJ)} HaceKOMbix. Htoobi Aocranb ee, hm npiixoAHTca 
npeo^oJieBaTb 6apbep H3 KnmeHHoro anuTeJina h Apyrnx TKaHeBbix CTpyKTyp 
xo3«HHa (Ellis et al., 1980; Freymuller et al., 1990; Hecker et al., 1990; <£>po- 
jiob, MajibimeBa, 1993; Schaub, 1994; Sharma et al., 2009; Caicedo et al., 2011; 
Dyer et al., 2013; Rotureau, van den Abbeele, 2013). 3th npoueccbi bo mhotom 
cxoahm c HanajibHbiMH 3TanaMH Murpaunn reTepoKceHHbix HcryraKOHOCueB H3 
KHiueHHHKa b cjuoHHbie >Keae 3 bi xoaaeB. TaKOH nyTb pa3BHran b nepeHOCHHKe 
xapaKTepeH, KaK mm yace bhacjih, ajih T. ranged h npeACTaBHTejieti poAa Phy- 
tomonas (Freymuller et al., 1990; Hecker et al., 1990). Bo3mo>kho TaKJKe, hto 
no KpaimeH Mepe y HeKOTopbix bhaob HHBa3HH reMOJiuMtJjbi conpjDKeHa c 
TpaHC(J>a3Hoii nepe^aneii napa3HTOB h/hjih nepe>KHBaHHeM nepnoAa unanay3bi 
X03BHH3, KaK 3 to onHcaHO y Herpetomonas swainei (Smirnoff, Lipa, 1970). 
UIay6 b CBoeM o63ope npuBOAHT AaHHbie othochtcjibho 1 7 bhaob TpnnaHOCo- 
MaraA, Kor.ia-aHOo BCTpeneHHbix b reMoaiiM(J)e HaceKOMbix. O/jHaKO TOJibKO y 
4 H3 3THX BHAOB T3KHe CTa^HH npHCyTCTByiOT B >KH3HeHHbIX UHKJiaX 3aKOHO- 
MepHO (Schaub, 1994). Cpe^u >KryraKOHOCueB, pnsi KOTopbix npoHHKHOBeHHe 

B reMOJlIIM(|)y, IIO-BH.aHMOMy, CBH3aHO C «OTKJIOHeHHeM» OT HOpMajIbHOrO pa3- 
bhthh b HaceKOMbix, H3BecTHbi npeACTaBHTejiH Bcex po.iOB TpnnaHocoMaTH^, 
BKJUOHaa poAbi Leishmania h Trypanosoma (Schaub, 1994). Bbixojj napa3HTOB 
b reMOJiHMcJjy npn OojibiuuHCTBe a6eppaHTHbix HHBasuH He conpn>KeH c AaJib- 
HeiuiiHM pa3BHTHeM >k i y t ii ko h ocue b . OAH3KO no KpaHHeii Mepe aacrb tomo- 
KceHHbix TpnnaHocoMaTHA cnoco6Ha BOcnpon3BOAHTb AajibHeHiunH cueHapuii 
pa3BHTHa, CBHiaHHbiH c npoHHKHOBeHHeM b cjuoHHbie Mcejie3bi XOiaeB H npn- 
cymHH reTepoKceHHbiM bhabm, t3khm KaK T. ranged h Phytomonas serpens 
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(Ellis et al., 1980; Freymuller et al., 1990; Hecker et al., 1990). 3to HaGjnonaeT- 
c»hb npHpoflHbix nonyjiauHax napa3HTOB h nonTBepacneHO 3KcnepuMeHTajib- 
ho. TaxoBbi, b HacTHOcra, Leptomonas pyrrhocoris , L. seymouri h Strigomonas 
culicis (Moraes et al., 1994; Nascimento et al., 2010; OpoaoB h up., 2014). 
ripnqnHbi, noGyacnaiomne KHiueHHbix napa3HTOB neTajibHO, BianoHaa TOHKHe 
MexaHH3Mbi npomiKHOBeHna b tk3hh oxaejibHbix opraHOB, Bociipoii3Bo;unb Ha 
nepBbifi B3rjiaa «TynnKOByio» njia hhx (jmy pa3BHTna, noxa coBepuxeHHO He 
acHbi. 3to TeM 6ojiee HHTepecHO, hto nepeHHCJieHHbie BH/ibi acryTHKOHOCHeB 
npHHanJieacaT k pa3JiHHHbiM h HeponcTBeHHbiM rpynnnpoBKaM roMOKceHHbix 
rp nn a h oco m aran, a hx xosaeBa — k pa3HbiM OTpanaM HaceKOMbix. 

AoeppaHHH a<H3HeHHbIX HHKJIOB, CB»3aHHbie C pa3BHTHeM acryTHKOHOCIteB B 
no3BOHOHHbix >KHBOTHbix, mo>kho ycjiOBHO pa 3 nejiHTb Ha Tpw rpynnbi. K nep- 
boh othooitoi onHcaHHbie b jiHTepaType cjiynan, CBaaaHiibie c oGHapyaceHneM 
napa3HTOB b TKaHax h opraHax xo3aeB, b kotopmx npu «HopMajibHOM» Tene- 
HHH aCH3HeHHOrO HHKJia OHH He BbiaBJHHOTCa. Ko BTOpOH npHHaaJieaOT (|)aKTbI 
OOHapy/KCHIia B n03BOHOHHbIX '/KIIBOTHbIX TOMOKCeHHblX T p II n a H O C O M a T I PI Ha¬ 
ceKOMbix. K TpeTbeii rpynne oraocaTca 3aperHCTpnpoBaHHbie CJiynan araimn- 
HOH nepe^aHH HHB33HH MOK^y n03BOHOHHbIMH /KHBOTHbIMH. AHajIH3 IiepBOH 
rpynnbi aGeppannn KpaiiHe 3aTpyziHHTejieH, nocKOJibKy 3HaHna othoc HTe Jib ho 
>KH3HeHHbIX HHKJIOB TpHnaHOCOM H JieHUIMaHHH, He BXOH^IHHX B HHCJIO IiaTO- 
reHHbix B036yHHTeJien 3a6ojieBaHHH nejioBeKa h noMauiHHX acnBorabix, Kpaii- 
He CKyzjHbi. B 6ojibuiHHCTBe cjiynaeB 4>aicr oGHapyaceHHa napa3HTOB b tom hjih 
hhom opraHe xo3aeB He nonJieacHT oueHKe, Tax KaK MaTepnaa hjih cpaBHeHua 
npocTo OTcyTCTByeT. EcTb, npaBna, n ennHHHHbie HCKJiiOHeHHa. IIpHMepoM 
aSeppauHH naHHoro THna cjiyacnT oGHapyaceHne TpHnaHOCOM T. cruzi h T. frei¬ 
tasi b npocBeTe aHajibHbix acejie3 onoccyMOB Didelphis marsupialis (Deane 
et al., 1984; Deane, Jansen, 1988). CaM no ce6e <f>aKT arax HHBa 3 nn Mor 6bi 
ocTaTbca He3aMeneHHbiM, yHHTbreaa, hto T. cruzi cnocoGHa pa3BHBaTbca no 
cyTH bo Bcex opraHax no3BOHOHHbix >khbothhx, a a<H3HeHHbiH hhkji T. freitasi, 
KaK n y OojibuiHHCTBa HenaToreHHbix bhhob, He H3yneH. OnnaKO OKa3ajiocb, 
hto b aHajibHbix acejie3ax onoccyMOB ara TpHnaHoeoMbi npoxonaT aSeppaHT- 
Hbie HHKJibi npojiH<|)epaHHH h Mop<f>oreHe3a, nneHTHHHbie tcm, hto peajiroyiOT- 
ca b nx nepeHocHHKax HaceKOMbix. /(ejieHHa TpnnaHocoM b npocBeTe acejie3 
ocymecTBJiaiOTca Ha CTannn anuMacraro™, a no hx 3aBepmeHHH (jjopMHpy- 
lOTCfl MeTaHHKJIHHeCKHe TpHnOMaCTHTOTbl, HHBa3HOHHbie HJIH n03BOHOHHbIX 

(Deane et al., 1984; Deane, Jansen, 1988, 1990). Ilpn 3 tom njia o6ohx bhhob 
TpnnaHocoM pa3BHTne b aHajibHbix acejie3ax xo3aeB He aBJiaeTca o6a3aTejibHOH 
(J)a30H HX >KH3HeHHOrO HHKJia, a CT3HHH, (j)OpMHpyiOIHHeC5I B XOHe 3TOTO npo- 
Hecca, aTHnHHHbi njia reMHnonyjiauHH TpnnaHocoM b no3BOHOHHbix >khbot- 
hwx. TaKHM o6pa30M, ecTb Bee ocHOBaHua cnirraTb naHHbin (JjeHOMeH aoeppa- 
HH«MH >KH3HeHHbix hhkjiob T. cruzi h T. freitasi. 

HojMO/KiiocTb nepe>KHBanii>i h pa3Bnraa roMOKceHHbix TpimanocoMaTH/i 
HaceKOMbix b no3BOHOHHbix /KiiBOTHbix euie nenaBHO ocnapHBajiacb MiioniMii 
HCCJieHOBaTejiaMH. O/iHaKO HanuHaa c 1990-x tohob aGeppaunn stoto rana 
CTajiH Bee name onHCbiBaraca b cneunajibHOH JiHTepaType. Cennac yace He Bbi- 
3biBaeT coMHeHHH enocoGHOCTb pana roMOKceHHbix TpnnaiiocoMaran HaceKO¬ 
Mbix BbDKHBaTb B TKBHaX pa3JIHHHbIX OpraHOB II03BOHOHHbIX, BKJIIOHaa HeJIO- 
BeKa. YcTaHOBJieHO Taxace, hto nacTO 3tot (JieHOMeH CBa3aH c ocjiaGjienueM 
HMMyHHoii cncTeMbi noTeHHHajibHbix xo 3 aeB (Chicharro, Alvar, 2003; Lukes 
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et al., 2014). IIpH hoako>khom BnpbicKHBaHHH KyjibTypbi >KryTHKOHOcueB An- 
gomonas deanei, BbuiejieHHOH H3 xnmHoro Kjiona Zelus leucogrammus (Redu- 
viidae), MbirnaM HHdpeAHoir jihhhh BALB/c napa3HTbi nH(J)HHHpyiOT kjictkh 
AepMbi, r^e nepcHcrapyiOT okojio 2 He^eJib. HHtjjeKHHa Bbipa>Keiia cHJibHee y 
rpbByHOB c HCKyccTBeHHO noHHKeHHbiM HMMyHHTeTOM h conpaaceHa c (J)h- 
HajibHbiM pa3pymeHHeM nopa^eHHbix kjictok (Santos et al., 2010). 3Kcnepn- 
MeHTajibHoe 3 apa>i<eHiie peKTajibHbix >i<e.ne 3 onoccyMOB Didelphis marsupialis, 
He noABepraBiuHxca B03AeHCTBH»M HMMyHOAenpeccaHTOB, noKa3biBaeT, hto b 
3tom opraHe roMOKceHHbie napa3HTbi HaceKOMbix MoryT pa3MHO>KaTbca ajih- 
TenbHoe BpeM>i, He OKa3biBaa bhahmoto HeraraBHoro bo3achctbh>i Ha CBoero 
xo3«HHa h He HcnbiTbmaa aHajiorHHHoro B03^encTBHa c ero CTopoHbi (Jansen 
et al., 1988). IIapa3HTHpoBaHHe >KryTHKOHOcneB Crithidia, Herpetomonas h 
Leptomonas b peicrajibHbix >Kejie 3 ax onoccyMOB Hadmo^ajin ao 10 Mec. Bee 3 to 
BpeMa TpHnaHocoMaTH^bi coxpaHanH npoJiH<J>epaTHBHyio aKTHBHOCTb cbohct- 
BCHHyio hx KyjibTypanbHbiM <j)opMaM (Jansen et al., 1988). 

Y jiiofleH, oco 6 eHHO b K)>khoh AMepnice h Hhahh, KjiHHHHecKne hccjicao- 
BaHHa nocJieAHero AecaraiieTHa bbisbhjih mhokcctbo cJiynaeB 3 apa>KeHHH na- 
HHeHTOB rOMOKCeHHbIMH TpHnaHOCOMaTHAaMH HaceKOMbIX HaCTO B (J)OpMe 
CMemaHHbix hhb33hh c pa3JiHHHbiMH BipiaMH jieHniMaHHH (Chicharro, Alvar, 
2003). ^Ba BH^a TpHnaHOCOMaraA H3 HaceKOMbix npH3HaHbi noTeHHHajibHbiMH 
B036yaHTeji»MH 3a6oneBaHHH, cxoahbix no cbohm rjikhkhcckhm npoaBJieHHaM 
C pa3JIHHHbIMH 4»OpMaMH BHCpepaJlbHOrO H KOKHOrO JieHUIMaHH03a, HaCTO co- 
npjDKeHHMMH c conyTCTByiomeH BHH-HH^eKpneH napneHTOB (Pacheco et al., 
1998; Srivastava et al., 2010; Ghosh et al., 2012; Lukes et al., 2014). 3to Ble- 
chomonas pulexsimulantis, napa 3 HT codanben 6jioxh Pulex simulans h L. sey- 
mouri, napa 3 HT Kjiona Dysdercus suturellus (Pyrrhocoridae) (Wallace, 1977; 
Beard et al., 1989). L. seymouri HandoJiee Macro ynoMHHaeTca b cb» 3 h c ero 06 - 
Hapy>xeHHeM y JiiOAeH, CTpa^aioiunx Kana-a3apoM npn cMemaHHOM 3apa>KeHHH 
c Leishmania donovani. KyjibTypanbHbie <j)opMbi 3thx AByx bhaob (npoMacm- 
roTbi) Mop<f»ojiorHHecKH noHTH He pa3JiHHHMbi, npn 3tom pocT b KyjibType 
L. seymouri hast onepe>KaiomHMH TeMnaMH, hto mokct npHBOAHTb Kax k Ana- 

THOCTHHeCKHM, TaK H K HHbIM OUIH6KaM. He^aBHO npOBefleHHblH aHaJIH3 CHK- 
BeHCOB, pa3MemeHHbix b 6a3e GenBank noA Ha3BaHiieM Leishmania donovani, 
noKa3an, hto Ha caMOM AeJie MHorne H3 hhx npHHaAJie>KaT Leptomonas sey¬ 
mouri (Kraeva et al., 2015). IIomhmo AByx Bbirne ynoMaHyrax bhaob Ha lore 
OpaHHHH 3aper h c t p h po b a h cjiynair o6Hapy>i<eHH>i >i<rym koh ocne b. reHenme- 
ckh 6jih3khx k Herpetomonas samuelpessoai b kpobh BUH-HH^nunpoBaHHoro 
nauneHTa (Morio et al., 2008). IIoHHMaHHe hcthhhoh ponn roMOKceHHbix Tpn- 
naHOCOMaTHA HacexoMbix b pa3BHTHH Bbi3biBaeMbix hmh hh^ckhhh 3aipyAHe- 
ho b cbh3h c OTcyTCTBHeM abhhbix o cnoco6ax npoHHKHOBeHHa 3 thx napa3H- 

TOB B n03BOHOHHbIX MCHBOTHblX H, B H3CTH0CTH, B HeJIOBeKa. IIOKa OTBeT Ha 
3 tot Bonpoc He c<f>opMyjiHpoBaH Aa>Ke Ha ypoBHe rnnoTe3. 

roMOKceHHbie TpHnaHOCOMaTHAfci MoryT nepnoAHHecKii o 6 h a p y >k n b a t b 01 
h b pacTeHHHx. BBHAy MeHbineH npaKTHHecKOH 3HaHHMOCTH tbkhx cjiynaeB o 
HHX COOdmaiOT 3HaHHTejIbHO pe>Ke, K TOMy >Ke HAeHTH<j)HKaHHK) HX KaK TOMO- 
KceHHbix napa3HTOB 3anacTyio He.nb3>i npii3HaTb AOCTOBepiioii. OaKTHHecKH 
eAHHCTBeHHbiM HaAOKHbiM npHMepoM Taxoro poAa >ibji>ictoi o6iiapy>KeHHe 
HcryTHKOHOcneB, 6 jih3khx k Herpetomonas samuelpessoai b tbikbc Cucurbita 
moschata (Fiorini et al., 2001). 
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ATHiiHHHaa (6e3 ynacxHa nepeHOCHHKa) nepeAana xpnnanocoMaxnA Meacay 
no3BOHOHHbiMH — aBJieHHe peAKoe h naoxo H3yneHHoe. ilxBecxno, hxo cahh- 
CTBeHHbiM npHMepoM »<n 3 HCHHoro miK.na, nonHOCTbio HCKJiK)HaK)m,nM ynacxne 
nepeHOCHHKa b nepeaane napa3HTOB no3BOHOHHbix jkhboxhmx, »BJwexc» Try¬ 
panosoma equiperdum (Hoare, 1972; cppoJiOB h AP-, 2015a). Oahuko cpe^n 
npoHHx oOnnraxHO reTepoKceHHbix TpnnaHOCOM tcm He MeHee cnopa^HnecKH 
MO)KeT ocymecTBjiHTbca h npaMaa nepeAana nHBa3iin mokav ho3bohohhmmh 
>khboxhmmh. Bbmejonox 2 THna Taxoro poAa xpaHCMHCCHn: BepxHKajibHyio h 
ropH30HTajibHyio. Ilpn BepxHKajibHOM xnne nepeAana hh^ckhhh nponcxoAHx 
hjih xpaHcnjiaueHTapHO (ox 3 apa>KeHHon Maxepn k nnoAy), hjih noxoMCXBO mo- 
)Kex 3 apa>xaxbca nepe3 mojioko npn BCKapMJiHBaHHH. IIpHMepbi BepxHKanbHon 
xpaHCMHCCHH napa3HX0B H3BecxHbi y xpHnaHOCOM H3 rpynnbi T. brucei h y 
T. cruzi (Hoare, 1972; Desquesnes et al., 2013; Norman, Lopez-Velez, 2013). 
Y JiiofleH aiynan BepxHKajibHon nepe^aHH acjjpHKaHCKoro h aMepHKaHCKoro 
xpnnaH0C0M030B oxMenaioxca b cahhhhhmx cjiynaax (Lindner, Priotto, 2010; 
Bua et al., 2012; Otero et al., 2012) h b 3 nnAeMnojiorHH 3xhx 3 a 6 ojieBaHnn pac- 
CMaxpHBaioxea Ha ypoBHe <J>eHOMeHOB. Bo3mo>kho, BepxHKajibHbin nepeHoc hh- 
4>eKHHH 6 oabme pacnpocxpaHeH cpeAH ahkhx h AOManiHHx >khboxhmx, oAHaKo 
HMeiomHxca Ha ceroAHHniHHH AeHb AaHHbix abho HeAoexaxonHO ohchkh 
ero 3H3HHMOCXH b 3nH300xoxiorHH xpnnaH0C0M030B (Desquesnes et al., 2013). 
ropH30HxaabHaa nepeAana Trypanosoma cruzi ocymecxBJiaexca maBHbiM 06 - 
pa30M nepopaabHbiM nyxeM. OHa MO>xex nponcxoAHXb npn KOHxaKrax 3apa- 
>KeHHbix h cxepHJibHbix >KHBOXHbix b nape xhiuhhk —»<epxBa hjih npn noeAa- 
hhh 3aopobmmh >KHBOxHbiMH Maca 6 ojibHbix (Pereira et al., 2009; Shika- 
nai-Yasuda, Carvalho, 2012; Desquesnes et al., 2013). OAHaKo npHcyxcxBHe 
3xhx >KryxHKOHOCneB b nojiOBbix nyxax y co 6 aK h mm hi eft yKa3biBaex Ha B03- 
Moa(Hocxb BeHepHHecKOH nepeAann (Lenzi et al., 1998; Andrade et al., 1999; 
Carvalho et al., 2009; Rodriguez-Morales et al., 2011). IIpHneM y nocjieAHnx 
eAHHHHHbin cnynaft xaKoro poAa y>xe oxMeneH b 3KcnepHMeHxajibHbix ycaoBH- 
ax (Martin et al., 2015). Y jnoAeft nepeAana aMepHKaHCKoro xpHnaH0C0M03a 
nojroBbiM nyxeM He o 6 Hapy>KeHa. Hxo Kacaexca T. brucei, xo BBHAy Toro hxo 
coHHaa 6ojre3Hb npoxexaex aobojibho xjdkcjio, ee BeHepnnecKaa nepeAana Ma- 
jiOBepoaxHa, OAHaKO oahh noAoOHbift cnynaft Bee >Ke onncaH b jmxepaxype 
(Rocha et al., 2004). 

y jienmMaHHH H3BecxHbi jinuib eAHHHHHbie cjiynan BepxHKajibHoft nepeAa- 
HH HH(J)eKHHH. Bee OHH CBH3aHbI CO JKryXHKOHOCUaMH H3 KOMnjieKca «L. dono- 
vani» — B 036 yAHxeJiflMH BncnepajibHoro JieftmMaHH03a: L. infantum h L. cha- 
gasi (Figueiro-Filho et al., 2004; Rosypal et al., 2005; Silva et al., 2009). Bo 
Bcex H3BecxHbix cjiynaax npn 3xom npeAnouaraexca xpaHcnjiaueHxapHafl nepe- 
Aana napa 3 HX 0 B (Figueiro-Filho et al., 2004). ropn 30 HxajibHaa nepeAana y 3xhx 
aeHuiMaHHH ocyujecxBJiaexca noaoBbiM nyxeM. TaKHe cjiynan oxMeneHbi y co- 
6 ax h y jik)ach, npn 3xom nepeAana MO>Kex 6 bixb CB33ana xax c nopa>KeHneM 
HenocpeACXBeHHO napy>KHbix noaoBbix opraHOB, xax h c npHcyxcxBHeM na- 
pa 3 HX 0 B b ceMeHHon jkhakocxh (cm. o 63 op: Silva et al., 2009; Turchetti et al., 
2014). 

TaKHM o0pa3OM, mojkho 3aKjnoHHXb, hxo y npeAexaBHxejieH poaob Ttypa- 
nosoma h Leishmania xpancMnccna 6e3 ynacxna nepeHocHHKOB — SBJieHHe 
peAKoe h He3(|)(|)eKXHBHoe c xohkh 3peHHH B03MO>KHOcxeft paccejieHHa napa3H- 
xob. noAoOHbie H3MeHeHHH b >kh3hchhom HHKjie He bjihhiox Ha ero ncxoAHyio 
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CTpyKTypy. B 3 bojiioijhohhoh hctophh ceMencTBa ohh hocht nacTHbiH xapaK- 
Tep, np 05 IBJI 5 HOTC 5 I CnOHTaHHO H Ha 3 TOM OCHOBaHHH paCCMaTpHBaiOTCfl HaMH B 
KanecTBe a 6 eppaijHH. 

3aBepma5i cepnio o63opoB, nocB5mjeHHbix pa3JiHHHbiM THnaM TpaHC^opMa- 
ijhh ^cH3HeHHbix ijhkjiob TpHnaHOCOMarazt (OponoB h ztp., 2015a, 6), Heo6xo- 
Ahmo eme pa3 nozjHepKHyTb, hto 3th npoueccbi HrpajiH h npoztojDKaioT HrpaTb 
onpezteji5nomyio pojib b 3bojhoijhh rpynnbi. YztHBHTejibHafl 3BOJHOijHOHHa5i 
nJiaCTHHHOCTb TpHnaHOCOMaTHA, n03B0JIHBUia5I HM OCBOHTb B KaneCTBe X035ieB 
n03B0H0HHbIX H 6eCn03B0H0HHbIX 5KHBOTHBIX, a TaiOKe Ha3eMHbie paCTeHHH, BO 
MHOrOM o6B5ICH5ieTC5I Cn 0 C 06 H 0 CTbK> 3THX napa3HTOB a^anTHpOBaTb CBOH 5KH3- 
HeHHbie IJHKJIbl K nOCTOHHHO H3MeH5IK>mHMCJI yCJIOBHHM BHeiHHCH CpeZtbl. 
BnojiHe BepoflTHO, hto MHoroHHCJieHHbie a6eppaijHH, OTMenaeMbie b )kh3hch- 
hbix uHKjiax npeACTaBHTejieii ceM. Trypanosomatidae, cjiy^fcaT CBoero pozta 
«pe3epBHbiM ^oh^om», no3BOJiHK)ui,HM napa3HTy oneparaBHO pearnpoBaTb Ha 
TaKHe H3MeHeHH5i. PaccMOTpeHHbie b Harnnx o63opax npHMepbi no3BOJi5HOT 
yTBep^caaTb, hto TpHnaHocoMaTHZtbi — oto rpynna, npe6biBaK>ma5i b HacTOfl- 
mee BpeMfl B 3BOJIIOIJHOHHO aKTHBHOM COCTOHHHH. Ee npe^CTaBHTeJIH nOCTOHH- 
HO «3KCnepHMeHTHpyiOT» C HOBbIMH X035ieBaMH. BbDKHBaHHfl B yCJIOBHHX 

JIOKajIbHbIX H raodajIbHblX 3KOJIOTHHeCKHX TpaHC(j)OpMaLlHH IlOR B03^eHCTBH- 
eM pa3JiHHHbix aHTponoreHHbix (|)aKTopoB 3th napa3HTbi MoryT onepaTHBHO 
TpaHC^opMHpoBaTb cyujecTByiomHe napa3HTapHbie chctcmbi (b tom HHCJie H3- 
MeHflTb apeajibi o6nTaHH5i) hjih ^opMHpoBaTb napa3HTapHbie chctcmbi de novo. 
YHHTbiBaa BaacHoe 3HaneHHe ijejioro pazta npe^CTaBHTejieH ceM. Trypanosoma¬ 
tidae Kax B036yaHTejieH onacHbix 3a6oJieBaHHH neJioBeKa ohcbhaho, hto 3Ta 
rpynna ztojiacHa nocTOHHHO ocTaBaTbca b (|)OKyce HaynHbix HCCJie^OBaHHH. 
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TRANSFORMATIONS OF LIFE CYCLES IN THE EVOLUTIONARY HISTORY 
OF TRYPANOSOMATIDS. ENDOTRANSFORMATIONS AND ABERRATIONS 

A. O. Frolov, M. N. Malysheva, A. Yu. Kostygov 
Key words : Kinetoplastea, Trypanosomatidae, life cycles, evolution. 

SUMMARY 

Endotransformations and aberrations of the life cycle in the evolutionary history of try- 
panosomatids (Kinetoplastea: Trypanosomatidae) are analyzed. We treat the term «endo- 
transformations» as evolutionarily fixed changes of phases and/or developmental stages of 
parasites. By contrast, we treat aberrations as evolutionary unstable, periodically arising 
deformations of developmental phases of trypanosomatids, never leading to life cycle 
changes. Various examples of life cycle endotransformations and aberrations in represen¬ 
tatives of the family Trypanosomatidae are discussed. 
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